Abnormal conduction and repolarization in late-activated myocardium of dyssynchronously contracting hearts.
Cardiac dyssynchrony due to intraventricular conduction delay produces heterogeneous regional wall stress and worsens arrhythmia susceptibility in failing hearts. We examined whether chronic dyssynchrony per se induces regionally heterogeneous electrophysiological remodeling. Adult dogs (n=9) underwent left bundle branch radiofrequency ablation (QRS duration increased from 50+/-7 to 104+/-7 ms); 6 untreated dogs served as controls. A subset of ablated (n=3) and control (n=4) dogs underwent tagged MR imaging to confirm ablation-induced left ventricular (LV) dyssynchrony. Four weeks later, hearts were excised and early (anterior)- and late (lateral)-activated myocardial segments were isolated. Conduction velocity (CV), action potential duration (APD), and refractory period (RP) of paced, arterially perfused myocardial wedges were studied by extracellular and optical mapping, and arrhythmia susceptibility was assessed by programmed stimulation. Regional stress-response kinase, calcium cycling, and gap junction protein expression were assayed by Western blotting, and the subcellular distribution of connexin43 was analyzed by immunofluorescence microscopy. CV, APD, and RP were significantly reduced in the late-activated, lateral wall of dyssynchronous hearts compared to the anterior wall. Normal differences in CV (endocardial>epicardial) were reversed in the dyssynchronous lateral LV. While the total expression of connexin43 was unaltered in dyssynchronous models, its subcellular location was redistributed in late-activated myocardium from intercalated discs to lateral myocyte membranes. Arrhythmias were rare in tissue from normal and dyssynchronous models. Total expression of calcium-cycling proteins (sarcoplasmic reticulum Ca2+-ATPase and phospholamban) and the stress-response kinase phospho-ERK did not vary regionally in either model. Dyssynchrony even in the absence of LV dysfunction induces regionally specific changes in conduction and repolarization. These changes support a novel mechanism linking mechanical dyssynchrony to persistent electrophysiological remodeling and heterogeneity.